Light and electron microscopy were used to compare two flexuous-rod viruses: cowpea virus (CV) and bean yellow mosaic virus (BYMV). Inclusions induced by CV were consistently different from those induced by BYMV. In the light microscope, BYMV-induced cylindrical inclusions appeared as a group of plates, whereas CV-induced cylindrical inclusions appeared as a group of tubes. Electron microscopy showed that CV induced fibrous nuclear inclusions, while BYMV induced non-fibrous nucleolar inclusions in Crotalaria spectabilis. Thin section studies showed that CV-induced cylindrical inclusions contained circles and tubes, but no laminated aggregates, while BYMV-induced cylindrical inclusions contained laminated aggregates, but no circles or tubes. The shapes of extracted inclusions induced by CV were consistently different from those induced by BYMV. These viruses are cytologically different and are believed to be distinct.
INTRODUCTION
Cowpeas (Vigna unquiculata L. Walp.) are an important legume in the southern United States. Six viruses are listed by Kuhn, Brantley & Sowell (I966) as infecting cowpeas in this region. One of these viruses, Anderson's blackeye cowpea mosaic virus (Anderson, 1955 a, b, I959) , has been assumed to be a strain of bean yellow mosaic virus (Corbett, I956). Zettler, Christie & Edwardson (I967) described a flexuous-rod virus isolated from cowpeas which was very similar to Anderson's blackeye cowpea mosaic virus in host range, symptomatology, the thermal inactivation point, longevity in vitro, and in being transmitted in a stylet-borne manner by aphids. Subsequently we have used light and electron microscopy to study the isolate described by Zettler et al. 1967 and four isolates of a flexuous-rod virus obtained from seeds of cowpeas grown in Georgia and Florida. Because certain BYMV strains have been reported to infect cowpeas (Kuhn, Brantley & Sowell, 1965; Medina & Grogan, 196I; Zaumeyer & Fisher, ~953) three bean yellow mosaic virus isolates were compared with the isolates from cowpeas in situ.
METHODS

Viruses.
The cowpea virus (CV) isolates used in this study were obtained from fieldinfected Knuckle Purple Hull cowpea and from seed of this variety, which were obtained from M. V. Meadows, Florida Department of Agriculture, Tallahassee.
Three BYMV isolates were studied: BYMV-F was obtained from field-grown Crotalaria mucronata Desv. near Gainesville, Florida; BYMV-W from D. J. Hagedorn, University of Wisconsin; and BYMV-K from S. Diachun, University of Kentucky. These isolates have been described previously (Evans, 1969) .
Electron microscopy. Leaf extracts from healthy and virus-infected leaves were prepared by slicing small pieces of tissue several times in a few drops of 1% potassium phosphotungstate or in 1% ammonium molybdate, each at pH 6"7. Measurements were made by comparisons with a diffraction grating (54,865 lines/in.).
Leaf tissues from healthy and virus-infected plants were prepared for thin sectioning by fixing in 6"25 % glutaraldehyde, postfixing in 1% OsO 4, dehydrating in either ethanol or acetone and embedding in Maraglas. Sections were cut with a diamond knife and stained with uranyl acetate and lead citrate. The following species systemically infected with the viruses indicated in parentheses were examined cytologically: Crotalaria spectabilis Roth. Light microscopy. Epidermal strips from healthy and virus-infected leaves were prepared for light microscopy by Christie's (1967) technique. Plastids which often obscure inclusion bodies were solubilized by treatment with Triton X-loo (Christie, 1971) prior to staining. Leaf areas exhibiting abundant cytoplasmic inclusions were used for cytological comparisons and as a tissue source for electron microscopy.
RESULTS
Electron microscopy
No inclusions were observed in sectioned healthy control tissues. Inclusions in thinsectioned CV-infected tissue were consistently different from those in BYMV-infected tissue. Fibrous nuclear inclusions were observed in C. spectabilis infected by CV only ( Fig.  I A) ; non-fibrous inclusions associated with nucleoli were induced by all BYMV isolates in all hosts (Fig. I D) . Dense bodies were observed in the cytoplasm of all tissues infected with BYMV (d in Fig. I E) but were not observed in CV-infected tissues. These structures resemble the 'virus crystals' (Weintraub & Ragetli, 1966 ) and the 'dense bodies' (Kamei, Honda & Matsui, 1969) previously described in BYMV-infected tissues.
Cylindrical inclusions induced by CV isolates differed strikingly from those induced by BYMV isolates. The CV-induced cylindrical inclusions consist of markedly curved pIates which in cross-section appear as pinwheel arms (Fig. I B, pw) ; to these plates are attached tubes (Fig. i B, t) which in cross-section appear as circles (Fig. I B, c) . The BYMV-induced cylindrical inclusions consist of slightly curved plates which in cross-section appear as pinwheel arms (Fig. I E, pw) ; to some of these plates are attached laminated aggregates (Fig.  I E, la) . Circles and tubes were observed in all CV-infected tissues (Fig. I B) but were not observed in BYMV-infected tissue. Laminated aggregates were observed in all BYMVinfected tissues but were not observed in CV-infected tissues.
No flexuous-rod particles or inclusions were observed in extracts of healthy controls. A normal length of 722 nm. was determined from measuring 153 CV particles which had been extracted from C. spectabilis in phosphotungstate. Portions of cylindrical inclusions extracted from BYMV-infected yellow lupine and pea, and from CV-infected yellow lupine (Purcifull, 1968; Purcifull, Edwardson & Christie, 197o) . In the present study, BYMV inclusions appeared more degraded by phosphotungstate than the CV inclusions. 
B Y M V -and CV-induced inclusions
Light microscopy
The inclusions induced by both CV and BYMV were large enough to be seen in the light microscope. The groups of plates induced by BYMV were easily distinguished from the groups of tubular inclusions induced by CV. The BYMV-induced plates appear in different planes in Fig. 2 . Fig. 2A (arrow) is a view of two overlapping plates similar to those seen in the negatively stained leaf dip (Fig. I F) . A parallel series of linear structures occurs in Fig. 2 B (arrow) which is assumed to represent a side view of a cylindrical inclusion such as that shown in Fig. 2C . The linear structures in Fig. 2B and 2C resolved into plates when the focus of the microscope was changed. The linear structures induced by CV (Fig. 2 D) did not resolve into plates, and when these structures were viewed end-on they appeared as dots when the focus of the microscope was changed (Fig. 2 D, arrows) . These structures are interpreted as different aspects of cylindrical inclusions which contain tubes.
DISCUSSION
No influence of host on the gross structure of cytoplasmic cylindrical inclusions has been reported, and none was detected in the present investigation. Cylindrical inclusions have been used to assign viruses to the PVY-group (among others, Christie, Edwardson & Zettler, 1968; Zettler et al. 1967) . Differences in morphology of cylindrical inclusions have been used to distinguish viruses within the PVY-group (Edwardson, Purcifull & Christie, 1968; Hiebert et al. 1971 ; Purcifull et al. 197o) . That strains of the same PVY-group virus induce similar or identical inclusions is indicated by comparisons of strains of PVY (Montenegro et aL 1968), of BYMV (de Camargo, Kitajima & Costa, 1968; Cousin et al. 1969; Kamei et al. 1969; Weintraub & Ragetli, 1966) and of tobacco etch virus (Matsui & Yamaguchi, 1964; Rubio-Huertos & Hidalgo, 1964 ) . The cylindrical inclusions induced by the F, W and K isolates of BYMV are very similar, and they are also very similar to those induced by previously described BYMV strains. On the assumption that CV is a strain of BYMV, one would expect close similarities in the inclusions induced by these viruses. However, when the inclusions of CV and BYMV were compared, striking differences were apparent.
Anderson's blackeye cowpea mosaic virus has been assumed to be a BYMV strain (Corbett, 1956 ) which has been referred to as the cowpea strain of BYMV (Bos, 197o; Kuhn et aL 1966) . However, Martyn (1968) has assumed Anderson's virus to be a 'suspected strain or synonym' of cowpea aphid-borne mosaic virus, while Lovisolo & Conti (1966) state that these viruses are' clearly different'. It seems unlikely that these differences of opinion can be resolved, since unfortunately, the original isolate of Anderson's virus has been lost (Anderson is deceased, Kuhn, Corbett, and the ATCC no longer have this virus). In the present study, the five CV isolates obviously differ cytologically from the three BYMV isolates, and from the BYMV strains described in the literature, whether they are compared in the same or different hosts. Therefore, on a cytological basis they are separate and distinct members of the PVY-group.
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